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The LEPS collaboration has recently reported a measurement of the reaction γn→ K+Σ∗−(1385)
with linearly polarized photon beam at resonance region. The observed beam asymmetry is sizably
negative at Eγ = 1.8−2.4GeV, in contrast to the presented theoretical prediction. In this paper, we
calculate this process in the framework of the effective Lagrangian approach. By including a newly
proposed Σ(JP = 1
2
−
) state with mass around 1380 MeV, the experimental data for both γn and
γp experiments can be well reproduced. It is found that the Σ( 1
2
−
) and/or the contact term may
play important role and deserve further investigation.
PACS numbers: 14.20.Jn, 25.20.Lj, 13.60.Le, 13.60.Rj
I. INTRODUCTION
With the development of accelerator facilities,
strangeness production from photon-nucleon scattering
has been extensively studied at resonance region [1–9].
These experiments can provide not only more informa-
tion on the properties and interactions of the known res-
onances, but also clues for the existence of some new res-
onances. For KΣ∗(1385) photoproduction, high statistic
data have been available only recently. The CLAS collab-
oration has studied the reaction γ+p→ K++Σ∗0(1385)
with unpolarized photon beam at energy Eγ = 1.5 −
4 GeV [2]. The LEPS collaboration has reported the
reaction γ+n→ K++Σ∗−(1385), with a linearly polar-
ized photon beam at Eγ = 1.5 − 2.4 GeV [9]. The high
statistic data and the polarized observables provide more
information and challenges for theoretical studies.
Theoretical investigations onKΣ∗(1385) photoproduc-
tion include the work by Lutz and Soyeur [10], which
mainly studies the t-channel processes, the work by
Do¨ring, Oset and Strottman [11], where the role of
∆(1700) is addressed, and the work by Oh, Ko, and
Nakayama [12], where the roles of N and ∆ resonances
in s-channel are stressed and compared with the CLAS
data [2].
For the approach by Oh, Ko, and Nakayama [12], the
total cross section for γ + p → K+ + Σ∗0(1385) is cal-
culated in the framework of gauge-invariant effective La-
grangians. The results are in reasonable agreement with
the CLAS data [2], showing that the s-channel N and
∆ resonances above KΣ∗ threshold may give important
contributions to cross sections. Although this theory can
well describe the total cross section ofKΣ∗ photoproduc-
tion from CLAS as well as from LEPS experiment [9], the
theoretical prediction deviates greatly from the data for
linear beam asymmetry measured by LEPS with polar-
ized photon beam. This is an urgent problem for theo-
retical studies.
From studies of baryon spectroscopy and structures,
five quark qqqqq components are proposed to play im-
portant roles in some baryons [13, 14]. A few years
ago, Jaffe and Wilczek have promoted a diquark-diquark-
antiquark picture for the pentaquark baryons [15]. Zhang
et al. then studied the JP = 12
−
pentaquark baryons
based on this picture and predicted a Σ(12
−
) state with
mass around 1360 MeV [16]. A more general pentaquark
model [13] without introducing explicitly diquark clusters
predicts that Σ(12
−
) has a mass similar to Λ(12
−
), which is
around 1405 MeV. From these two models, one would ex-
pect a Σ(12
−
) state with mass around 1380 MeV. Recent
studies on K−p→ Λpi+pi− process have shown some evi-
dence for the existence of the Σ(12
−
) near 1380 MeV [17].
In this work, we study the KΣ∗(1385) photoproduction
processes with the consideration of the case that a por-
tion of KΣ(12
−
) photoproduction is mixed in.
This paper is organized as follows. In section II,
the theoretical framework is presented for the KΣ∗ and
KΣ(12
−
) photoproduction from the nucleons. In section
III, the numerical results for cross sections and the beam
asymmetry are presented and compared with the exper-
imental data, with some discussions. In section IV, we
give the summery of this work.
II. THEORETICAL FRAMEWORK
The effective Lagrangian method is an important the-
oretical approach in describing the various processes at
resonance region. We use the effective Lagrangians of
Ref. [12] for KΣ∗ photoproduction, where the contact
term is derived from Ref. [18] to keep the amplitude
gauge invariant. In the following equations we use Σ∗
and Σ denoting the Σ∗(32
+
) at 1385 MeV and the Σ(12
−
)
near 1380 MeV, respectively.
A. KΣ∗( 3
2
+
) photoproduction
For the reaction γN → KΣ∗(32
+
), the Feynman dia-
grams are shown in Fig. 1, where the incoming momenta
are k and p for photon and nucleon, respectively, and
the outgoing momenta are q and p′ for K meson and the
2FIG. 1: Feynman diagrams for γ + N → K + Σ∗( 3
2
+
). (a)
t-channel; (b) s-channel; (c) u-channel; (d) contact term.
Σ∗, respectively. From the investigation of Ref. [12], the
main contributions come from the t-channelK meson ex-
change, the s-channelN and ∆ as well as their resonances
exchange, the u-channel Λ (for neutral propagator only)
and Σ∗(32
+
) exchange and the contact term.
For the t-channel K meson exchange, the relevant ef-
fective Lagrangians are
LγKK = ieAµ(K−∂µK+ − ∂µK−K+) , (1)
LKNΣ∗ = fKNΣ
∗
mK
∂µKΣ
∗µ · τN +H.c. , (2)
with the isospin structure of KΣ∗N coupling
K = (K−,K
0
),Σ · τ =
(
Σ
0 √
2Σ
+
√
2Σ
− −Σ0
)
, N =
(
p
n
)
,
(3)
where fKNΣ∗ is the coupling constant and is taken as
fKNΣ∗ = −3.22 from the SU(3) flavor symmetry relation
as in Ref. [12]; mK is the mass for K meson.
For the s-channel nucleon exchange, the effective La-
grangians for the interactions contain Eq. (2) as well as
LγNN = −eN(γµAµQN − κN
2MN
σµν∂νAµ)N , (4)
where QN is the electric charge (in unite of e), and κN
denotes the magnetic moment of the nucleon.
For the s-channel spin- 32 and spin-
5
2 resonances ex-
change, the effective Lagrangians for the interactions are
LγNR(3
2
±
) = − ief1
2MN
NΓ(±)ν F
µνRµ
− ef2
(2MN)2
∂νNΓ
(±)FµνRµ +H.c., (5)
LγNR(5
2
±
) =
ef1
(2MN)2
NΓ(∓)ν ∂
αFµνRµα
− ief2
(2MN)3
∂νNΓ
(∓)∂αFµνRµα +H.c.,(6)
and
LRKΣ∗(3
2
±
) = − h1
mK
∂αKΣ
∗µ
Γ(±)α Rµ
+
ih2
(mK)2
∂µ∂αKΣ
∗
αΓ
(±)Rµ +H.c., (7)
LRKΣ∗(5
2
±
) =
ih1
m2K
∂µ∂βKΣ
∗α
Γ(∓)µ Rαβ
− h2
(mK)3
∂µ∂α∂βKΣ
∗
µΓ
(∓)Rαβ +H.c.,(8)
where Fµν = ∂µAν − ∂νAµ; Rµ and Rµα denote the
spin- 32 and spin-
5
2 fields, respectively, and
Γ(±)µ =
(
γµγ5
γµ
)
,Γ(±) =
(
γ5
1
)
. (9)
For ∆ and ∆ resonances of isospin-3/2, the effective La-
grangians have the isospin structure
KΣ
∗ ·T(1
2
,
3
2
)∆ =
√
3K−Σ
∗+
∆++ −
√
2K−Σ
∗0
∆+
−K−Σ∗−∆0 +K0Σ∗+∆+ −
√
2K
0
Σ
∗0
∆0
−
√
3K
0
Σ
∗−
∆−.(10)
We consider 3 PDG resonances in s-channel, namely,
N 3
2
−(2080), ∆ 3
2
−(1940) and ∆ 5
2
+(2000), which are the
most prominent ones as stated in Ref. [12]. The cou-
pling constants f1 and f2 can be calculated from the
helicity amplitudes in PDG [19] or model predictions
with Eq.(B3) of Ref. [12]. For γN∆ coupling, we have
f1 = 4.04 and f2 = 3.87. From the predicted helicity am-
plitudes in Ref. [20], one gets f1 = −1.25 and f2 = 1.21
for γpN∗(2080) coupling; f1 = 0.381 and f2 = −0.256
for γnN∗(2080) coupling; f1 = 0.39 and f2 = −0.57
for γN∆(1940) coupling, and f1 = −0.68, f2 = −0.062
for γN∆(2000) coupling. For ∆KΣ∗ coupling, h1 = 2.0
and h2 = 0 are used from h1 = −fK∆Σ∗/
√
3 with
fK∆Σ∗ = −3.46 [21]. For the resonances coupling to
KΣ∗, the coupling constants h1 and h2 can be calculated
from Eq.(B11)-(B18) of Ref. [12] from the model pre-
dicted amplitudes G(l) [22]. In our concrete calculation,
h1 = 0.24 and h2 = −0.54 for N∗(2080)KΣ∗ coupling,
h1 = −0.68 and h2 = 1.0 for ∆(1940)KΣ∗ coupling, and
h1 = −1.1 and h2 = 0.21 for ∆(2000)KΣ∗ coupling are
taken.
The reaction γp → K+Σ∗0 contains the u-channel
Λ(1116) exchange. The effective Lagrangians are
LγΛΣ∗ = − ief1
2MΛ
Λγνγ5F
µνΣ∗µ
− ef2
(2MΛ)2
∂νΛγ5F
µνΣ∗µ +H.c., (11)
LKNΛ = gKNΛ
MN +MΛ
Nγµγ5Λ∂µK +H.c., (12)
3where f1 = 4.52, f2 = 5.63 are obtained from decay
width Γ(Σ∗ → Λγ) and model predicted helicity am-
plitudes; and gKNΛ = −13.24 is estimated from flavor
SU(3) symmetry relation as in Ref. [12].
For u-channel Σ∗ exchange, the effective Lagrangian
for γΣ∗Σ∗ is
LγΣ∗Σ∗ = eΣ∗µAαΓα,µνγΣ∗ Σ∗ν , (13)
with
AαΓ
α,µν
γΣ∗ = QΣ∗Aα
(
gµνγα − 1
2
(γµγνγα + γαγµγν)
)
− κΣ∗
2MN
σαβ∂βAαg
µν , (14)
where QΣ∗ denotes the electric charge of Σ
∗ in unit of e
and κΣ∗ denotes the anomalous magnetic moment of Σ
∗;
κΣ∗0 = 0.36 and κΣ∗− = −2.43 are taken from the quark
model prediction [23].
For each vertex of these channels, a form factor is at-
tached to describe the off-shell properties of the ampli-
tudes. For t-channel K meson exchange, we adopt the
form factor [12]
FM =
Λ2M −m2K
Λ2M − q2t
, (15)
where qt = k−q is the 4-momentum transfer in t-channel.
For the s-channel and u-channel processes, we adopt the
form factor
FB(q
2
ex,Mex) =
(
nΛ4B
nΛ4B + (q
2
ex −M2ex)2
)n
, (16)
where the qex andMex are the 4-momentum and the mass
of the exchanged hadron, respectively. For s-channel N
and ∆ exchange and the u-channel processes, we take
n = 1 as in Ref. [12]; for s-channel resonances exchange,
n→∞ is taken to obtain the Gaussian form for the form
factors [12]
FB(q
2
s ,MR)|n→∞ = exp
(
− (q
2
s −M2R)2
Λ4B
)
. (17)
The cutoff parameters ΛM and ΛB were taken to be 0.83
and 1.0 GeV, respectively, in Refs. [9, 12], by fitting to
the γp→ K+Σ∗0 data.
The contact term illustrated with Fig. 1(d) serves to
keep the full amplitude gauge invariant. The contact
currents for KΣ∗ photoproduction are related to the La-
grangian of Eq.(2). For the process γp → K+Σ∗0, we
adopt the contact current [12, 18]
Mµνc = ie
fKNΣ∗
mK
(gµνft − qµCν), (18)
where Cν is expressed as
Cν = −(2q − k)ν ft − 1
t−m2K
(
1− h(1− fs)
)
−(2p+ k)ν fs − 1
s−M2N
(
1− h(1− ft)
)
. (19)
Here the Lorenz index µ and ν couple to that of Σ∗ and
the photon respectively; ft = F
2
M and fs = F
2
B(s,MN )
are form factors squared, and t = q2t and s = q
2
s are
squared momentum transfer for t- and s-channel; h is a
parameter to be fitted to experiments, and h = 1 is used
in Ref.[12]. From this contact term, we can check that
the total amplitude is gauge invariant. For the process
γn→ K+Σ∗−, the contact current is [18]
Mµνc = ie
√
2
fKNΣ∗
mK
(gµνft − qµCν), (20)
with
Cν = −(2q − k)ν ft − 1
t−m2K
(
1− h(1− fu)
)
+(2p′ − k)ν fu − 1
u−M2Σ∗
(
1− h(1 − ft)
)
. (21)
Where fu = F
2
B(u,M
∗
Σ) is form factor squared, and u =
q2u is squared momentum transfer for u-channel.
For the propagators, we use 1/(q2t −m2K) for t-channel
K meson exchange. For the propagator of a baryon with
mass m and 4-momentum p, we use 6p+m
p2−m2 for spin-1/2
propagator;
6p+m
p2 −m2
(
− gµν + γ
µγν
3
+
γµpν − γνpµ
3m
+
2pµpν
3m2
)
(22)
for spin-3/2 propagator; and
6p+m
p2 −m2Sαβµν(p,m) (23)
for spin-5/2 propagator, where
Sαβµν(p,m) =
1
2
(gαµgβν + gανgβµ)−
1
5
gαβgµν
− 1
10
(γαγµgβν + γαγνgβµ + γβγµgαν + γβγνgαµ), (24)
with
gµν = gµν −
pµpν
m2
,
γµ = γµ −
pµ
m2
6p. (25)
For the s-channel resonances with sizeable width Γ, we
replace the denominator 1
p2−m2 in the propagators by
1
p2−m2+imΓ , and replace m in the rest of the propagators
by
√
p2.
B. KΣ( 1
2
−
) photoproduction
Since five quark components for baryons may exist,
there may be a Σ(12
−
) that has a large probability of five
quark structure with mass near 1380 MeV as models pre-
dict [13, 16]. Both Σ∗(32
+
) and Σ(12
−
) decay strongly to
4Λpi, which are detected by experiments. Thus we con-
sider that KΣ(12
−
) photoproduction may also contribute
to the measured cross sections. We constrain our study
to processes with s and p wave hadronic vertices, since
the contributions from higher waves are relatively sup-
pressed. We also neglect the contributions from some res-
onances either for lack of information on the couplings or
the couplings are small. Thus the main contributions to
KΣ(12
−
) photoproduction are from the t-channel K me-
son exchange, the s-channel N exchange, the u-channel
Σ(12
−
) exchange (and Λ exchange for γp → K+Σ0(12
−
))
and the contact term. The Feynman diagrams are the
same as Fig. 1. The effective Lagrangian for KNΣ(12
−
)
coupling can be expressed as [21]
LKNΣ = −igKNΣKΣ · τN +H.c. , (26)
where the coupling constant gKNΣ is to be fitted to exper-
iments; The isospin structure is the same as Eq.(3). The
effective Lagrangians for γKK and γNN are described
in Eq.(1) and Eq.(4), respectively. For γΣ(12
−
)Σ(12
−
)
vertex, the effective Lagrangian can be expressed as [21]
LγΣΣ = −eΣ(γµAµQΣ − κΣ
2MN
σµν∂νAµ)Σ , (27)
where QΣ is the electric charge (in unite of e), and κΣ de-
notes the anomalous magnetic moment for Σ(12
−
), and we
take the predicted values κΣ0 = −0.43 and κΣ− = −1.74
from the diquark model [16]. For the γΛΣ0(12
−
) coupling
in the γp → K+Σ0 process, the effective Lagrangian is
expressed as [21]
LγΛΣ = egγΛΣ
4(MΛ +MΣ)
Σγ5σµνΛF
νµ +H.c. , (28)
where we take gγΛΣ = 1.16. Note that although this
coupling has some uncertainty, it is largely suppressed
and has very small effect in this process.
For each vertex in the Feynman diagrams, a form factor
is attached. Similar to the KΣ∗(32
+
) photoproduction
processes, we adopt the form factor as in Eq.(15) for t-
channel K meson exchange, and Eq.(16) for s-channel
and u-channel processes.
The contact term for KΣ(12
−
) photoproduction is re-
lated to the Lagrangian of Eq.(26). Following Refs. [12,
18], we adopt the contact current
Mνc = iegKNΣC
ν (29)
for γp → K+Σ0(12
−
), where the Lorenz index ν couples
to that of the photon, and Cν is expressed as Eq.(19),
where h = 1 is taken. For γn→ K+Σ−(12
−
) process, we
adopt the contact current:
Mνc = ie
√
2gKNΣC
ν , (30)
where Cν is expressed as Eq.(21), where h = 1 is taken.
With these contact currents, one can check that the total
amplitudes are gauge invariant.
Since previous evidence for the new Σ(12
−
) indicates its
mass to be around Σ∗(1385) [17], here we assume its mass
be the same as Σ∗(1385). The coupling constant gKNΣ
and the relevant cut-off parameter ΛM are unknown pa-
rameters, and will be tuned to fit the data.
III. RESULTS AND DISCUSSIONS
The effective Lagrangian methods employ hadronic
fields as basic degrees of freedom for the interactions,
which introduce many parameters such as the coupling
constants and cutoff parameters. Many of the parame-
ters are not well constrained, and approximations such
as flavor SU(3) symmetry relation or model predictions
are used. These may bring some uncertainty in the
calculation. For example, in this paper, we consider
3 PDG resonances in s-channel as in Ref. [12]. Their
masses, widths and coupling constants are not well con-
strained by experiments. Our choices of the parameters
from the allowed range of PDG [19] and model calcu-
lations [20, 22] certainly have big uncertainties, similar
as discussed in Ref. [24] for the study of γn → K+Σ−.
However, for the cross sections and beam asymmetry
of the reaction γn → K+Σ∗−(1385) → K+Λpi− at
Eγ = 1.5 − 2.4 GeV reported by the LEPS collabora-
tion [9], these 3 resonances mainly contribute to cross
sections around Eγ = 1.8 GeV, and their contributions
are small for Eγ >2.1 GeV. Even without constraint from
other sources, adjusting these parameters cannot repro-
duce the measured beam asymmetry qualitatively. We
need to find other ingredients to describe the cross sec-
tions and beam asymmetry data simultaneously.
The measurement by the LEPS Collaboration is lim-
ited to forward angles with cos θc.m. ≥ 0.6, where θc.m. is
the forward angle of the produced K meson in the c.m.
frame. The theoretical predictions by the original set
of parameters (h = 1 for the contact term) [12] deviate
from the LEPS results for the linear beam asymmetry [9],
which can be interpreted as
Abeam =
σ⊥ − σ‖
σ⊥ + σ‖
, (31)
where σ⊥ and σ‖ denote the cross sections for beam po-
larization vertical and parallel to the reaction plane, re-
spectively.
In this work, we find two possible ingredients to explain
the observed beam asymmetry. One is by including the
possible contribution of KΣ(12
−
) photoproduction, and
another is to assume a different h parameter for the γn
reaction from the γp reaction. To incorporate the new
ingredients to fit both cross sections and beam asymme-
try, the minimum set of parameters to be adjusted from
those used in Ref. [9, 12] are listed in Table I. For both
schemes, the narrower widths for the three N∗ and ∆∗
resonances are used, but still within the PDG uncertain-
ties [19]. The reached χ2 of the two schemes are also
5scheme h ΛM ΓN∗(2080) Γ∆(1940) Γ∆(2000) gKNΣ (ΛM ) χ
2
I 1.0 (fixed) 0.8 GeV 0.25 GeV 0.15 GeV 0.15 GeV 1.34 (1.6 GeV) 97
II 1.11 0 (fixed) 102
[9, 12] (PDG [19]) 1.0 (fixed) 0.83 0.3 (0.12 ∼ 0.63) 0.3 (0.10 ∼ 0.78) 0.3 (0.07 ∼ 0.52) 0 (fixed) ∼ 180
TABLE I: Adjusted parameters for γn → K+Σ∗− with two schemes compared with original ones in Refs. [9, 12] and PDG
range [19], and corresponding χ2 for 39 data points in Figs. 3 & 4.
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FIG. 2: Linear beam asymmetry for γ + n→ K+ + Σ−( 1
2
−
)
with cos θc.m. = 0.6− 1.
listed. In scheme I, we keep h = 1 fixed for the contact
term to be identical to the γp → K+Σ∗0 process, and
then include the contribution of KΣ(12
−
) photoproduc-
tion for the process. The coupling constant of Σ(12
−
) to
KN and the corresponding cut-off parameter are tuned
to describe the experimental data. In scheme II, we do
not consider Σ(12
−
) production, and tune parameter h of
the contact term to describe the data.
In Fig. 2 we show the result of the linear beam asym-
metry for γn → K+Σ−(12
−
) with cos θc.m. ≥ 0.6, i.e.,
the cross sections in Eq. (31) are integrated results for
cos θc.m. = 0.6 − 1. The process has a large negative
beam asymmetry that approaches −1. This result comes
from the fact that K+Σ−(12
−
) is produced mainly from
the t-channel kaon exchange process. For the t-channel
kaon exchange process, the photon spin is necessary to be
vertical to the reaction plane due to angular momentum
conservation, and such photon corresponds to the beam
(electromagnetic field) with polarization parallel to the
reaction plane, i.e., σ⊥ = 0. Thus the K
+Σ−(12
−
) pro-
duction contributes negatively to the beam asymmetry.
If a portion of the detected Λpi stems from Σ(12
−
), the
measured beam asymmetry can be pulled to the negative
side, and the observed negative beam asymmetry may be
explained.
In Fig. 3, the differential cross sections for the process
γn → K+Σ∗− with respect to cos θc.m. are shown and
compared with the LEPS data [9]. The solid lines are the
results of scheme I, and the dashed lines are the results
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FIG. 3: Differential cross sections for γ + n → K+ + Σ(∗)−
with four cos θc.m. intervals. Theoretical results with scheme
I (solid curves) and scheme II (dashed curves) are compared
with the LEPS data [9]. The dot-dashed curves demonstrate
the contributions from Σ( 1
2
−
) production in scheme I.
of scheme II. The contributions from Σ(12
−
) production
in scheme I are also shown by the dash-dotted lines.
In Fig. 4 and Fig. 5, the results for the linear beam
asymmetry and integrated cross sections of the reaction
γn → K+Σ∗− are shown and compared with the LEPS
data [9], respectively. The cross sections are intergrated
results in phase space cos θc.m. = 0.6−1.0. The solid lines
are the results of scheme I, i.e., including both Σ∗(32
+
)
production with h = 1 and the contribution from Σ(12
−
).
The dashed lines are the results of scheme II, i.e., for
Σ∗(32
+
) production alone with h = 1.11. The dotted
lines are the results with the h = 1 and without the
contribution from Σ(12
−
). The contribution from Σ(12
−
)
production to the cross section alone is shown by the
dash-dotted line in Fig. 5.
From Fig.3-5, one can see that both schemes can well
describe the LEPS data. For scheme I, since the Σ(12
−
)
alone gives a large negative beam asymmetry approach-
ing −1 as shown in Fig. 2, a portion of Σ(12
−
) in this pro-
cess helps to explain the observed negative beam asym-
metry. At the same time, we find that tuning the pa-
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FIG. 4: The linear beam asymmetry for γ+n→ K++Σ(∗)−
with cos θc.m. integrated from 0.6 to 1. Results of scheme
I (solid curve), and scheme II (dashed curve) are compared
with the LEPS data [9]. The dotted curve demonstrate the
result with h = 1 and without Σ( 1
2
−
) contribution.
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FIG. 5: Integrated cross sections for γ+n→ K++Σ(∗)− with
cos θc.m. = 0.6 − 1.0 of scheme I (solid curve) and scheme
II (dashed curve), compared with the LEPS data [9]. The
dotted and dot-dashed curves demonstrate the contributions
from Σ∗( 3
2
+
) and Σ( 1
2
−
), respectively, in the scheme I.
rameter h to a larger value as scheme II can also have
such an effect. The χ2 for the two schemes are 97 and
102, respectively, compared to the 39 experimental data
points in Figs. 3 & 4. As a comparison, the correspond-
ing previous theoretical prediction [9] without including
the two new ingredients give a χ2 value about 180.
From the comparison of the results with the LEPS
data, one can not tell for sure which one of the two
schemes is better. In fact, some other combinations of h
and gKNΣ, such as h = 1.06 combined with gKNΣ = 1.04,
may also describe the present data. However, one can
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FIG. 6: Total cross sections for γ + p → K+ + Σ(∗)0 of
scheme I (solid curve) and scheme II (dashed curve), com-
pared with the CLAS preliminary data [2]. The dotted
and dot-dashed curves demonstrate the contributions from
Σ∗( 3
2
+
) and Σ( 1
2
−
), respectively, in the scheme I.
see from Fig. 5 that for higher incident energy, the
two schemes give very distinctive predictions. Thus the
schemes and mechanisms can be distinguished when data
on reaction γn→ K+Σ∗− at higher incident energies are
available.
The above results show that while the original theoret-
ical prediction with Σ∗(32
+
) production alone with h = 1
fails to reproduce the data for γn → K+Σ∗− [9, 12],
the data can be well reproduced either by increasing h
to 1.11 or by including an additional Σ(12
−
) resonance
around 1380 MeV. Since the parameters for the original
theoretical prediction come from the fits to the data on
the γp→ K+Σ∗0 process, we need to check how the new
sets of parameters fit to the γp → K+Σ∗0 data. The
results are shown in Fig. 6 for the total cross sections
of the reaction γp → K+Σ∗0 with the above sets of pa-
rameters, comparing with the CLAS data [2]. Again,
the solid line is the result for Σ∗(32
+
) production with
h = 1 combined with the contribution from Σ(12
−
) with
gKNΣ = 1.34; the dotted line and the dashed line are
the results for Σ∗(32
+
) production alone with h = 1 and
h = 1.11, respectively. The Σ(12
−
) contribution is also
shown by the dash-dotted line with gKNΣ = 1.34. From
Fig. 6 one sees that the combined result of Σ∗(32
+
) pro-
duction with h = 1 and the Σ(12
−
) production (scheme
I, solid line) can be compatible with the CLAS data on
the whole, while the results with h = 1.11 (dashed line)
deviate from the data for larger incident energy.
Our results show that the combined results of Σ∗(32
+
)
and Σ(12
−
) production (solid line) can be compatible with
both the γn → K+Σ∗− reaction data and the γp →
K+Σ∗0 reaction data with the same set of parameters
7(scheme I). Without the Σ(12
−
) contribution, different
parameter h need to be used for γn→ K+Σ∗− and γp→
K+Σ∗0 processes.
The properties and couplings for Σ(12
−
), the contact
term, and the s-channel resonances still have some un-
certainties and need further investigation. More data of
broader energy range on these processes will be helpful
to clarify the roles of the contact term and the Σ(12
−
)
resonance.
IV. SUMMARY
In summery, we study the process of KΣ∗(1385) pho-
toproduction from the nucleons in the framework of the
effective Lagrangian method. From recent studies, there
is possibly a Σ state with Jp = 12
−
near 1380 MeV. We
consider the case that Σ(12
−
) may contribute to the ob-
servables of KΣ∗(1385) photoproduction in experiments.
Our results show that the Σ(12
−
) production can give
large negative contribution to beam asymmetry, which
helps to explain the large negative linear beam asymme-
try observed by the LEPS experiment. With a portion of
Σ(12
−
), the same set of parameters can reproduce both
the data of γn → K+Σ∗− from the LEPS experiment
and the data of γp → K+Σ∗0 from the CLAS experi-
ment. On the other hand, without including Σ(12
−
), the
present data on γn→ K+Σ∗− can be described by tuning
a parameter h in the contact term, which means differ-
ent choices of parameter h in the contact term for γn
and γp reactions are needed. To distinguish the roles of
Σ(12
−
) and the contact term, different predictions of the
two schemes are presented for future experimental study.
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